Abstract New high-strength austenitic and austenitic-ferritic manganese steels represent a significant potential in applications for structural components in the automotive and railway industry due to the excellent combination of high mechanical properties and good plasticity. They belong to the group of steels called AHSS (Advanced High Strength Steels) and UHSS (Ultra High Strength Steels). Application of this combination of properties allows a reduction in the weight of vehicles by the use of reduced cross-section components, and thus to reduce fuel consumption. The development and implementation of industrial production of such interesting and promising steel and its use as construction material requires an improvement of their casting properties and susceptibility to deformation in plastic working conditions. In this work, XRD, Transmission Mössbauer Spectroscopy and Conversion Electron Mössbauer Spectroscopy were employed in a study of the new high-manganese steels with a austenite and austenite-ferrite structure. The influence of the plastic deformation parameters on the changes in the structure, distribution of ferrite and disclosure of the presence of carbides was determined. The analysis of phase transformations in various times using CEMS method made possible to reveal their fine details.
Introduction
In recent years, research centers worldwide are focusing their investigations in the area of development of high manganese steel for the automotive industry. Depending on their contents of Mn, Al and Si, these steels have different properties and therefore a unique deformation mechanisms, such as a Twinning Induced Plasticity (TWIP effect) and the Micro Bands Induced Plasticity (MBIP effect) [1] [2] [3] [4] . Am advantageous combination of strength and plastic properties and a very high ability of energy absorption in the deformation process, resulting from the deformation mechanism in these steels suggest to presume that the possibility of their use in the construction of transport means will become more common. These steels are already competitive to traditional metallic materials currently used. A synergy of mechanical properties occurring in these steels is a new quality in the branch of steel construction materials. The demand for such materials increases with increasingly rigorous standards for construction vehicles and strict crash test conditions, because of the stress laid on the safety of users of motor vehicles [5] [6] [7] . Structural elements made of these steels are usually produced by thermal treatment methods of forming, prompting an analysis of the impact of the process parameters on the structure and properties of these steels [6] [7] [8] [9] [10] [11] . In this work, XRD, Transsmision Mössbauer Spectroscopy and Conversion Electron Mössbauer Spectroscopy were employed in a study of new high-manganese steels with an austenite and austenite-ferrite structure. The influence of the plastic deformation parameters on the changes in the structure, distribution of ferrite and disclosure of the presence of carbides was determined. The analysis of phase transformations in various times using CEMS method made possible to reveal their fine details.
Materials and testing methods
The material consisted of two types of high manganese steel with different content of carbon, manganese and aluminum. Their chemical compositions according to the ladle analysis are shown in Table 1 . Production technology of the investigated steels was developed for melting in a VSG 100S vacuum induction furnace from PVA TEPLA AG which created favorable conditions for the desired composition, narrow ranges of contents of the individual elements, as well as the required high metallurgical purity of the steel. Restrictions on dopant elements mainly concerned S content that should not exceed 0.01 %, and it was desirable that this content was minimized. Requirements related to the addition of mischmetal in an amount of 1.0 g per 1 kg of steel (0.1 %).
The casting process was conducted in an atmosphere of argon, with the heated tundish to a properly prepared water cooled copper crystallizer, with a square crosssection of 100 × 100 mm and a height of 1100 mm. The crystallizer had an insulating insert The crystallizer is used to simulate the process of continuous casting of steel (COS), which is the least energy-consuming process for the production of steel, and also significantly increases the yield during of the obtained steel. The ingots were cooled for 2 h in the closed furnace under Ar atmosphere, in order to minimize oxidation of the steel in the crystallizer. The steel from the crystallizer was rolled into square shapes with a diagonal of 45 mm, then into the bars with a diameter of 12 mm. The temperature for the steel heating was selected as 1150→900
• C on the basis of plastic properties including chemical composition, properties depending on processing temperature, and requirements for the final product. After the rolling, the rods made of X55MnAl25-5 steel were cooled by air and those of X60MnAl30-9 were cooled by air and a regulated water cooling system.
Structural studies were carried out on samples cut from the supplied rods. Analysis of the microstructure was carried out after etching in 10 % Nital. X-ray phase analysis was performed on a JEOL JDX-7S X-ray diffractometer, using a lamp with a copper anode (λCuKα = 1.54178 Å) powered by a current of 20 mA at a voltage of 40 kV, and a graphite monochromator. Recording of the results was carried out stepwise with a step of 0.05
• and counting time of 5 s in the range from 20 to 100
• 2θ. Solid samples were studied.
The measurements of the 57 Fe Mössbauer spectra were performed in transmission geometry by means of a constant spectrometer of the standard design. The 14.4 keV gamma rays were provided by a 50mCi source of 57Co/Rh. The spectra of the samples were measured at room temperature. Isomeric shifts of the investigated spectra were related to the α-Fe standard. For the study, Conversion Electron Mössbauer Spectroscopy (CEMS) with gas detector, filled with 98 % He + 2 % Ar, under pressure of 0.9 at., was applied.
57 CoRh with activity of 10 mCi was a Mössbauer source. Application of CEMS technique allowed to investigate the surface layers with thickness of about 100 nm.
Results and discussion
X-ray diffraction patterns of the samples are shown in Figs. 1 and 2. X55MnAl25-5 steel revealed the presence of austenite (γ -Fe). The samples of X60MnAl30-9 steel were found to contain austenite (γ -Fe) and ferrite (α-Fe). The microstructure of the X55MnAl25-5 steel revealed the presence of austenite grains with typical annealing twins and deformation twins. During microscopic observation of the X60MnAl30-9 steel, austenitic-ferritic structure was found. Elongated ferrite grains in the rolling direction were observed. Ferrite grains are characterized by varied size and morphology of the cross section.
All the designated Mössbauer spectra may be described by:
1. Magnetic (Zeeman) components of the ferritic phase or the additional phase that may be attributed to carbides. Parameters of the component spectra of ferritic and austenitic phases (especially those of the hyperfine magnetic field H) depend on the number and position of carbon atoms (tetrahedral or octahedral environment) in the immediate neighborhood of the iron atom. The following Magnetic (Zeeman) components characterizing phases that should be expected in the studied material, are described by the following hyperfine parameters: for ferrite-the field strength H of 300 to 330 kGs and isomeric shift IS up to 0.02 mm/s; for martensite-the field strength H of 240 to 270 kGs, the isomeric shift IS from −0.01 to +0.04 mm/s, QS up to 0.02 mm/s; for Fe 3 C cementite-the field strength H of the order of 200 kGs; for Fe 2 C carbide-the field strength H of 230 to 240 kGs.
Non-magnetic components of austenite are as follows: IS from −0.1 to −0.2 mm/s and QS from 0.2 to 0.4 mm/s.
The value of the hyperfine magnetic field H is dependent on the number of Fe atoms in the local neighborhood of the Mössbauer nuclide, and the higher this number in a given structure, the higher the value. This fact allows for distinguishing the phases of the same crystal structure but different magneto-electronic structure, as in the case of α1 and α2 ferrites.
Examples of spectra measured using the transmission technique for the two test samples of the steels after cooling after rolling in the air, with their attributions are shown in Figs. 3 and 4 . Figure 3 shows the results obtained using the Mössbauer transmission technique for the X55MnAl25-5 steel. Figure 4 shows the results obtained using the Mössbauer transmission technique for the X60MnAl30-9 steel. Figure 5 shows the Mössbauer results obtained by the CEMS technique for both steels after air and water cooling.
On the basis of the Mössbauer results and the analysis of the values of the parameters IS, QS, and H, it was found that the spectral component Z1 originated from the 57 Fe atoms contained in the structure of α1 ferrite. Z2 component-from α2 ferrite, a Z3 component derived-from 57 Fe located in the structure of carbides. However, an analysis of the parameters describing the non-magnetic components (L + Q) indicates that they characterize a stable austenite γ , oversaturated with carbon. The differences in values for H, IS and QS for the specified component may be due to their different morphology, the effects of field strength H from α1 and α2 ferrites, and γ austenite presence. Three phases such as austenite, ferrite, and carbides were obtained with shares depending on the cooling rate after rolling. These values were calculated with the following ranges of error H = ±0,2 kGs, IS = QS = ±0,002 mm/s i S = ±0,2 This indicates a possible impact of the cooling rate on the phase composition of the investigated steel. The results of the hyperfine parameters and phase composition of the remaining test samples are gathered in Tables 2 and 3 .
Summary
On the basis of the studies carried out in transmission geometry, phase composition of steel test samples has been analyzed. It has been found that in the test samples of the examined steels, austenitic phase prevails. The remaining phase for the X55MnAl25-5 steel is ferrite. For the X60MnAl30-9 steel, presence of three phases (such as austenite, ferrite, and carbides) independently of the cooling process after rolling is ascertained. The studies conversion Electron Mössbauer Spectroscopy CEMS show the impact of the method used for cooling after rolling on the structure. Given the limited spectral statistics, these results are in a good accordance with the X-ray results.
